Objectives: Assessment of the effect of training on Special Aerial Gymnastics Instruments (SAGI) on the urine β-2-microglobulin (β-2M), albumin (ALB), total protein (TP), N-acetyl-β-D-glucosaminidase EC.3.2.1.30 (NAG), expressed as creatinine (Cr) and on the physical fitness of the examined cadets in comparison with the control group. Material and Methods: The study involved 55 cadets aged 20, divided into group A (N = 41) trained on SAGI, and group B (N = 14) -a control group. The urine was collected twice: before the training (BT) and after the training (AT) at the start (training I), during (training II), and after completion of the training program (training III). Urine proteins were assayed with commercially available kits. Results: In group A, results obtained in trainings I, II and III showed a statistically significant increase in β-2M/Cr, NAG/Cr, TP/Cr, ALB/Cr indices in AT compared with the baseline BT values. Similarly in group B, a statistically significant increase in β-2M/Cr, NAG/Cr (trainings I, II), TP/Cr, AT compared with the baseline BT values in trainings I, II, and III was noted. Comparison of both groups showed a higher value of the post-exercise proteinuria in group B than in group A. In group A, a significant correlation between TP/Cr vs. ALB/Cr, NAG/Cr vs. TP/Cr, β-2M/Cr vs. TP/Cr, i.e., r = 0.62 at p < 0.001; r = 0.33 at p = 0.03; r = 0.60 at p < 0.001, and r = 0.52 at p < 0.001, respectively, was observed in group A, training III, AT. Conclusions: Assayed urine proteins depend on the intensity of physical exercise, the type of exercise, and the level of physical fitness.
INTRODUCTION
Training using Special Aerial Gymnastics Instruments (SAGI) is used to improve hand-eye coordination and spatial orientation [1] . Special Aerial Gymnastics Instruments contain the following instruments: a looping, a gyroscope, and an aero wheel. Exercises on SAGI belong to isometric exercises, which may produce proteinuria. Kidneys play a key role in the development of the post-exercise proteinuria [2] . An increase in the proteinuria during an intense physical exercise is caused by penetration of the plasma proteins into renal tubules [3] . Proteins, present in the urine after an exercise on SAGI may provide valuable information about the process of adaptation to the physical exercise. Proteinuria develops immediately after a physical exercise and may be observed for 24 h thereafter [4] . An increase in proteinuria depends There are no reports on the post-exercise proteinuria after training on SAGI. We attempted to evaluate a diagnostic value of the above listed proteins to monitor physical load of the cadets trained on SAGI in comparison with a control group, in which the character and intensity of physical exercises differentiated. A key issue we examined is whether SAGI exercises of low level intensity might make one's body heavier than another form of high level intensity exercises. The answer to the question is of tremendous importance in the training process. At the same time, the cadets' general physical fitness was assessed as an effect of the use of specific exercises on SAGI. During the course of the research, a following hypothesis has been formulated -with the use of the applied exercise markers: NAG/Cr. β-2-microglobulin/creatinine, ALB/Cr and TP/Cr, it will be possible to determine the level of exercise adaptation, the type of proteinuria depending on the character (type) and the intensity of physical effort among people exercising with SAGI in comparison with the control group.
MATERIAL AND METHODS Subjects
The study involved 55 cadets (men), aged 20 years, divided into 2 groups: group A (N = 41), trained on SAGI, and group B (N = 14), which served as a control group. The groups used a standard program of physical education. In both groups, urine samples were collected twice before the training (BT) and after the training (AT) at the beginning (training I), during (training II), and after (training III) completion of the training program with the use of SAGI. The urine samples were collected BT, in each training at 9:00 a.m. and AT at 11:00 a.m. In both groups the physical education program consisted of 20 training units. The whole education program lasted 70 days. Each training was 90 min long. The authors obtained a permission from the appropriate ethical commission to perform the study. Consent of on the degree of the human body adaptation to the physical load in both aerobic and anaerobic metabolism. Higher proteinuria was found in the case of anaerobic metabolism, compared with aerobic metabolism [5] . It has been also seen that people who are less physically active have a higher level of this protein in urine. Post-exercise proteinuria has been found in various sport disciplines but the highest level has been noticed after swimming training [6, 7] . Proteinuria depends on the type of exercise and its intensity [3, 8, 9] . Among several proteins existing in urine, measured after the training, albumin was notably on the highest level. This phenomenon was called post-exercise albuminuria [6, 10] . β-2-Microglobulin (β-2M), albumin (ALB), total protein (TP), and N-acetyl-β-D-glucosaminidase EC.3.2.1.30 (NAG), expressed as creatinine (Cr), were used as exercise markers because of their high diagnostic role. N-acetyl-β-Dglucosaminidase EC.3.2.1.30 is a lisosomal enzyme catalyzing splitting N-acetyl-β-D-glucosaminidase or N-acetylgalactosamines off various oligosaccharides in glycopeptides and glycoproteids. Its activity has been shown in both tissues [11] and body fluids [12] in a form of A and B isoenzymes. Under physiological conditions, NAG activity in urine is rather low, as it does not filter through healthy renal corpuscles. An increase in its activity may reflect structural changes in kidneys with particular reference to renal tubules. β-2-Microglobulin is a protein of molecular weight 11.8 kDa, which increases after an exercise. It consists of 100 amino acids and practically does not contain carbohydrates. An increase in β-2M levels in urine indicates damage of proximal renal tubules in normal renal glomeruluses functioning. β-2-microglobulin undergoes a glomerular filtration, being initially bound to brush border of the proximal tubules cells and then, absorbed by micropinocytosis. It is degraded in the lysosomes of the renal tubule cells. An increase in β-2M, associated with NAG, may illustrate changes in the kidneys [13] . [14] , and was approved by the local ethics committee.
Measurements
Urine ALB, TP, NAG, β-2M, and Cr were assayed with the following techniques: -albumin with the immunoturbidimetric technique, using ROCHE reagents and Cobas Integra 400/800 Analyzer; -TP was assayed with pyrogallol red, using ROCHE reagents and Integra 400/800; -urine NAG was assayed with the colometric technique [15] , using Sigma Aldrich (USA) reagents, measuring concentration of the released p-nitrophenyl-2-acetamide-2-desoxy-β-2-glucopiranoside; results were read with Perkin Elmer, USA spectrometer; -β-2M was assayed with the chemiluminescence technique using IMMULITE 1000 device (SIEMENS); -Cr was assayed with the Jaffee technique, using ROCHE reagents and Integra 400/800. Training intensity was monitored in both groups using Polar Team-2 Pro, which recorded the heart rate (HR). The procedure consisted of a belt with HR recorder fitted at the chest level, recording HR during the whole training. Then, the HR recorder was detached and put into a device reading changes in HR.
Procedure and design
Training program In group A, the level of intensity in all the 3 trainings was similar. The training was performed with intervals between all the trainings. The training consisted of a sequence of the following exercises: and after the training in both groups was calculated by means of the Benferroni test. Comparison of the indices before and after the training between both groups was performed using the variance analysis (ANOVA). The correlation r-Pearson between the indices in the researched groups was calculated. Statistical analysis of the research findings was performed by means of the statistical software Statistica 9. The differences between the average values were considered to be vital when the calculated p < 0.05.
RESULTS
The obtained results showed a statistically insignificant difference between the examined groups in such parameters as: age, height, body weight, and body mass index (BMI) ( Table 1) . In group A, the assays of the examined markers showed a statistically significant increase in ALB/Cr, TP/Cr, and β-2M/Cr AT in all the 3 trainings at p < 0.001 in comparison with the BT values ( Table 2) . N-acetyl-β-Dglucosaminidase EC.3.2.1.30/creatinine increased insignificantly AT in trainings I, II, and III at p < 0.005, p < 0.001, and p < 0.05, respectively in comparison with the BT values (Table 2) .
the same all-day physical activity including drilling, marching, and other military activities in the period of the experiment have been additionally performed. The cadets' fitness was assessed before (series I) and after (series II) completion of the study on proteinuria, using fitness tests, such as: the Aero-Synthetic Efficiency Test (ASET) [16] , shuttle race 10×10 m, pulling-up on a bar, sprint for 16.5 m, and body bending forward. All the examined cadets were provided with the same board and lodging. They consumed a standard diet complying with the standards of nutrition. Daily food rations contained 4500 kcal, including 150 g of fat (30%), 112.5 g of protein (10%), and 675 g of carbohydrates (60%). The cadets in both groups drank water before and after the training, about 1 l in total. They were doing exercises while the surrounding temperature was 18°C.
Statistical analysis
In the statistical research, the average and standard deviations of all the indices were calculated. Normal distribution of variables was verified by means of the Kolmogorov-Smirnov test. The assumption concerning homogeneity of variances was verified by means of the Levene's test. The difference between the indices before BMI -body mass index; HR -heart rate; M -mean; SD -standard deviation; n.s. -statistically non-significant.
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at p < 0.001 (Table 3) . Both before and after the training, a decrease in NAG/Cr value was statistically insignificant in group B in comparison with group A. After the training, statistically significant higher TP/Cr values were noted in group B than those in group A in all the 3 trainings at p < 0.001, p < 0.005, and p < 0.001, respectively (Table 3) . After the training, an increase in β-2M/Cr value in group B was statistically significant in trainings I and II at p < 0.01 and p < 0.001, respectively. In group A, AT correlation between TP/Cr and ALB/Cr was significant in all the 3 trainings, i.e., r = 0.54 at p < 0.001, r = 0.37 at p = 0.01, and r = 0.62
In group B, a statistically significant increase in ALB/Cr in training I (p < 0.005) AT was noted in comparison with the BT values (Table 3) . A significant increase in TP/Cr was found AT in all the 3 trainings p < 0.05, p < 0.005, and p < 0.001, respectively in comparison with the BT values. An increase in NAG/Cr AT in training I was insignificant, whereas it was significant in trainings II and III at p < 0.001 and p < 0.005 in comparison with the BT values. After the training, a significant increase in β-2M/Cr was seen in all the 3 trainings at p < 0.001, p < 0.005, and p < 0.001, respectively (Table 3) . Before the training and after it, the value of ALB/ Cr was significantly higher in group B in training II (Table 4) . In group B, a strong positive correlation between TP/Cr and ALB/Cr was found AT in training I: r = 0.91 at p < 0.001. No significant correlation of the remaining parameters was seen in all the 3 trainings (Table 4) . However, correlations in group A and group B are interesting in training III. Assessment of physical fitness in group A showed a statistically significant improvement in series II in pulling up on a bar (p < 0.01), race for 16.5 m (p < 0.001), body bending forward (p < 0.001) and ASET (p < 0.001), compa ring with series I (Figure 1) . In group B, a statistically significant improvement in physical fitness related to the pulling up on a bar (p < 0.005), body bending forward (p < 0.001), and ASET (p < 0.05) in comparison with series I. An improvement in the result of race for 16.5 m proved to be statistically insignificant ( Figure 1 ). ASET -Aero-Synthetic Efficiency Test. Different statistical significance in comparison with series I at: * p < 0.05; ** p < 0.01; *** p < 0.005; ǂ p < 0.001. with group B. It could be confirmed by the physical fitness tests performed in both groups at the end of the education program. In group A, the examined cadets performed isometric exercises accompanied by body rotations in different planes on SAGI. These exercises (despite their lower intensity) could increase a body demand for the proteins. It was particularly visible in the BT values in training III in comparison with group B. Such a hypothesis was confirmed by the fitness tests performed in both groups at the end of the trainings. In group A, the results of some fitness tests were better ( Figure 1 ). Similar conclusions have been drawn [20] when measuring grip strength and leg strength in the subjects with and without proteinuria. Those authors have found that the leg strength per kg body weight was lower in men with proteinuria than that in men without proteinuria, after adjusting for age. Grip strength was also lower but not significantly. Evaluation of proteinuria AT under an increased demand for oxygen is also important. Our results showed a higher demand in group B than that in group A, especially in trainings II and III (Table 3) . A 30-time increase in TP/Cr in the light athletes was noted after interval training in anaerobic-lactate metabolism and a return to the values similar to those BT after 24 h [4, 21] . In the marathon runners [22] and triathlonists [13] , similar effects have been also observed. It is known that the return of the proteins to the normal values is more rapid in the individuals who are used to physical effort. Exercise-produced protein catabolism may result from the disturbed body energy balance leading to both proteinuria and an increase in the lactic acid level. In such a case, anabolic processes are decelerated. Sós [23] studies may explain it; the author has shown a reduction of the elevated plasma lactate level in the swimmers trained with maximum intensity in 3 macrocycles (970 km per week for 6 weeks). He used a special diet supplementation notably reducing the plasma lactate level and proteinuria despite
In both groups an improvement of the results of a shuttle race for 10×10 m was insignificant in series II in comparison with series I (Figure 1 ).
DISCUSSION
The investigated groups differ in the intensity and type of exercises performed during the training. The results obtained in both groups showed an increase in TP/Cr, NAG/Cr, β-2M/Cr, and ALB/Cr after the exercise in all the 3 trainings, which is confirmed by the recorded HR (Table 1) . Lower values of these parameters in group A than those in group B indicate a lower intensity of exercises, longer intervals between changing instruments, and exercise specificity. In group A, the values of the urine ALB/Cr AT indicate microalbuminuria (> 25 mg/g) only in training III. In group B, higher values of microalbuminuria were seen AT in all the 3 trainings. The level of microalbuminuria depends on the glomerular filtration barrier functioning [5, 17] . It was found that a regular physical exercise is associated with a lower ALB/Cr rate in the BT values in all the 3 trainings. It is a reaction similar to this observed in the triathlonists; their urine ALB/Cr and TP/Cr ratios initially increased and gradually decreased parallel to the continuous physical effort. It indicated a decrease in GFR [18] . Other authors have found that the intermittent exercise on a cycle ergometer exerted a higher effect on the higher excretion of both albumin and total protein into the urine than the continuous exercise. This fact has been associated with changes of the urine pH [19] . Lower values of the urine TP/Cr found before and after the exercise in group A in comparison with group B indicate that the type of exercise together with its intensity play an important role. In group A, the examined cadets performed isometric exercises with simultaneous body ration in various planes during the training on SAGI. Despite its lower intensity, this training could increase a higher demand for proteins. This is particularly seen at BT in training III in comparison a body adaptation to the exercise. It is not known why no significant increase in NAG/Cr value was seen in group B AT in comparison with its BT value. In other studies [27] , no significant increase in NAG/Cr value has been found after the exercise, similarly to our group B. Probably in group B, exercise did not increase susceptibility to the used load in training I. The value of β-2M/Cr increases statistically significantly during a more intensive physical exercise. This was confirmed by the statistical analysis, which showed statistically significant higher values in β-2M/Cr in group B compared with group A in trainings I and II. An exerciseinduced increase in β-2M/Cr values may result from the reduced blood renal flow and an increase in serum oxygen free radicals. An increase in β-2M/Cr values may result from the damage of the glomerular filtration barrier. Under normal conditions, this barrier retains the majority of plasma proteins [28, 29] . All podocyte layers with adjacent space [30] , which are sensitive to the lesions [31] , play a particular role in the glomerular filtration barrier. In both our groups, a decreasing tendency in BT β-2M/Cr ratio (training III) with the training duration was shown, suggesting kidneys adaptation to the physical exercise. The correlations between β-2M/Cr, NAG/Cr, TP/Cr, and ALB/Cr ratios provided important information. In group B, a positive correlation between ALB/Cr and TP/Cr, i.e., r = 0.91, was found in the value AT in training I. This fact might be associated with a higher effort and no adaptation to the physical exercise. Lower correlation at the same intensity of the exercise was shown after the training in trainings II and III. It could be explained by a body adaptation. A different situation took place in group A, in which a statistically significant positive correlation between ALB/Cr and TP/Cr was noted in the AT values in all the 3 trainings. With continuation of the training, the examined cadets improved the technique of exercises and could increase their intensity, which is confirmed by the highest correlation between ALB/Cr and TP/Cr maintaining the same training load. Sós [23] suggests that the diet supports a mechanism responsible for lactate elimination and reduction of the protein catabolism and/or protein reabsorption. In our study, we did not assay proteinuria after 24 h as the cadets were not physically loaded as professional athletes are. Therefore, the AT values are comparable with the baseline values and not with the ones indicating not reduced symptoms of the fatigue. A decreasing tendency of TP/Cr values may be seen from the baseline values in all the 3 series of assays. It may be explained by the increased protein biosynthesis also indicating adaptation to physical effort.
Comparison of TP/Cr values in both groups suggests that proteinuria in our study depended on the exercise intensity and not on its duration. It is confirmed by the study of Bellinghieri et al. [24] . Those authors have found that proteinuria depends on the type of an exercise and its intensity and not on its duration. Correlation r = 0.85 between venous lactate and ALB and TP following runs of the maximum intensity, for various distances, shown by Portmans and Labilloy [5] , indicates that the exercise intensity and not its duration exerts an effect of proteinuria and albuminuria (microalbuminuria). N-acetyl-β-D-glucosaminidase EC.3.2.1.30 is considered a good marker of renal tubules damage [25] . In this study, an increase in the NAG/Cr value was found in both groups after the exercise. However, group B was characterized by higher values of this ratio in comparison with group A. N-acetyl-β-D-glucosaminidase EC.3.2.1.30/creatinine ratio indicated a higher body overload in group B than the one in group A AT. Decreasing tendency of this ratio both before and after the exercise in both groups, especially in trainings II and III, may mean that the body adapts to the used load. Nowacka et al. [26] Renal hemodynamic changes associated with vessels walls permeability may cause glomerular proteinuria during an exercise [24] . In group B, a negative correlation between NAG/ Cr and β-2M/Cr (r = -0.04) was noted. It may suggest that the damage of the glomeruli not always correlates with the damage of renal tubuli. It means that the type of exercise and body position also play an important role [35] . Yaguchi et al. [13] have shown a positive correlation r = 0.70 at p = 0.006 between NAG/Cr and β-2M/Cr after a triathlon, consisting of 10 km run, 40 km cycling, and 1.5 km swimming. However, no significant correlation between TP/Cr and β-2M/Cr (r = -0.02) and NAG/Cr and TP/Cr (r = 0.01) was noted. In group B, the correlation between TP/Cr and β-2M/Cr (r = -0.42) was negative, whereas the correlation between NAG/Cr and TP/Cr (r = 0.02) was positive, similarly to the effect of a triathlon [13] . Considering changes of BT and AT ratios in all the 3 trainings and comparing both groups, one should stress that higher proteinuria was noted in group B than in group A with a simultaneous higher intensity of the physical exercise. Correlations in group A indicate temporary impairment of the filtration barrier, i.e., impaired re-absorption tubular function. It is confirmed by the positive correlation between NAG/Cr and β-2M/Cr. In group B, the negative correlation between NAG/Cr and β-2M/Cr may suggest co-operation of these 2 mechanisms. Considering general physical fitness in both groups, it should be stressed that the training on SAGI exerts a comprehensive effect on the cadets' motor capabilities in group A. It is confirmed by the higher number of the competitions in series II in which a statistically significant improvement was achieved in comparison with series I and group B. Summing up, the obtained results showed that that the values of TP/Cr and NAG/Cr ratios differentiate the intensity of physical exercise and are good markers of adaptation to physical exercise. The observed correlation between NAG/Cr and β-2M/Cr in both groups of the cadets may serve as a base of both types of physical exercise and proteinuria. The positive after the training in training III. Change of body position and the type of training on SAGI may result in an oxidative stress in the examined cadets. The published results of the study by Sentürk et al. [32] have indicated that physical exercise induces oxidative stress, which may lead to proteinuria in sedentary and trained men. The higher level of free radicals, the higher proteinuria.
Higher proteinuria in group B is probably induced by the decreased cellular redox potential. It has been demonstrated that physical exercise induces an urinary excretion of ZnCu-superoxide dismutase [33] . Bovio et al. [34] have shown a correlation between urinary Zn excretion and serum Zn level. In group A, a positive correlation between NAG/Cr and β-2M/Cr (r = 0.18) was found in training III in comparison with group B despite the lower intensity of exercises. It was found that the glomerular proteinuria is started by light physical exercises, while heavy training produces mixed glomerular-tubular proteinuria [3] . In group A, the correlation between NAG/Cr and β-2M/Cr ratios indicates mixed proteinuria. In training III, statistically significant correlations between TP/Cr and β-2M/Cr and NAG/Cr and TP/Cr ratios were seen in group A. It could be associated with stress and renal load during specific exercises on SAGI. These exercises markedly load the body because of +Gz (head-legs direction) and -Gz (legs-head direction). Exercises on SAGI are associated with a marked effect on the receptors in both the cardiovascular system and the CNS. They result in an elevation of blood pressure. Proteinuria may depend on the damage of the glomerular filtration barrier, which is highly selective size and shape structure for serum proteins. Structural and functional integrity of all its layers also plays an important role [17] . Podocytes with their receptors sensitive to the changes of blood pressure and contractile apparatus exerting a significant effect on GFR [27, 29] constitute a key element of the filtration barrier. Exercises on SAGI may temporarily damage renal corpuscles and tubuli.
